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Introduction Column Simulation ConclusionsObjective
OBJECTIVE
Show the energy savings in 
ethanol dehydration when a mixture 
of ethanol + gasoline is produced 
by azeotropic distillation.
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INTRODUCTION 
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• Reduce GHG emissions
• Improve air quality
• Reduce petroleum dependence
• Improve energy security
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Ethanol Production
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Ethanol dehydration
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Azeotropic distillation
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Benzene (Young, 1902)
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Toluene
Isooctane (Furzer, 1985)
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NEW PROCESS
Obtaining of a dry mixture of ethanol and hydrocarbon
Absolute
Ethanol
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Obtaining of a dry mixture of ethanol and hydrocarbon
NEW PROCESS
Ethanol + 
Hidrocarbon
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Cost diminution of:
♦Mixing
♦Transportation
♦Storage
Advantages
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EXPERIMENTAL DESIGN
♦ Study in an experimental 
semi-pilot plant column
♦ Simulation of the 
industrial process
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Semi-Pilot Plant Column study
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Simulated Reboiler Heat Duty (W)
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Comparison between experimental data and the 
process simulation 
Max. 125 ppm water
Not viable
Isooctane Cyclohexane
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♦ Comparison between experimental data and the 
process simulation 
• Simulated and experimental data agree well
• The reboiler duty is an important factor
 Low           High water content
 High          Stops working 
Semi-Pilot Plant Column study
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Simulation of the industrial process
♦ Comparison of energy consumption:
♦ The conventional process: obtaining of pure ethanol
(99.75% wt) in the bottom product of the azeotropic 
column.
♦ The new process: obtaining of a mixture of ethanol (5% 
wt) + hydrocarbon in the bottom product of the 
azeotropic column and less than 125ppm of water. This 
corresponds to a similar proportion of water and ethanol 
as in the first process. 
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Simulation of the industrial process
Cyclohexane
Isooctane
Absolute ethanol
Ethanol + Hydrocarbon mixture
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 Feed Product 
Current HC Eth+ W Col 1 Col 2 
T (K) 353.2 334.2 351.0 372.7 
m (g/min) 0.01 4.38 4.06 0.32 
x water 0.000 0.074 0.002 0.999 
x ethanol 0.000 0.926 0.998 0.001 
x isooctane 1.000 0.000 0.001 0.000 
 
 Feed Product 
Current HC Eth+ W Col 1 Col 2 
T (K) 353.2 334.2 349.7 372.7 
m (g/min) 76.70 4.38 80.80 0.32 
x water 0.000 0.074 0.000 0.999 
x ethanol 0.000 0.926 0.050 0.001 
x isooctane 1.000 0.000 0.950 0.000 
 
Production of ethanol + isooctane
Production of absolute ethanol
Simulation of the industrial process
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 Column 1 Column 2 Condenser  
Isooctane + ethanol 49.7 74.9 -131.0 
Ethanol absolute (isooctane) 252.9 640.1 -888.9 
Cyclohexane + ethanol 143.4 150.3 -291.0 
Ethanol absolute (cyclohexane) 316.1 394.8 -706.6 
 
Simulation of the industrial process
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Current 3 4 6 7 9 
T (K) 343.4 343.4 342.4 342.4 348.0 
m (g/min) 94.44 13.68 8.03 5.65 5.33 
x water 0.009 0.060 0.003 0.141 0.090 
x ethanol 0.085 0.293 0.081 0.595 0.630 
x isooctane 0.906 0.647 0.916 0.264 0.280 
 
Current 3 4 6 7 9 
T (K) 342.6 342.6 342.4 342.4 346.4 
m (g/min) 97.72 93.65 41.51 52.14 51.82 
x water 0.036 0.037 0.003 0.065 0.059 
x ethanol 0.394 0.368 0.106 0.576 0.579 
x isooctane 0.570 0.595 0.890 0.359 0.362 
 
Production of ethanol + isooctane
Production of absolute ethanol 
Composition: similar
Flowrates: very different
Simulation of the industrial process
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Model gasoline
10.8% hexane
5.5% heptane
32.6% isooctane
13% cyclohexane
38.1% toluene
Simulation of the industrial process
 Column 1 Column 2 Condenser  
Isooctane + ethanol 49.7 74.9 -131.0 
Cyclohexane + ethanol 143.4 150.3 -291.0 
Model Gasoline + ethanol 34.1 71.0 -138.1 
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CONCLUSIONS
♦ Simulated results agree well with the experimental 
ones
♦ The proposed process using one hydrocarbon as 
entrainer diminish considerably the energy 
consumption
♦ The energy consumption of using a model gasoline 
or a hydrocarbon is similar
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CONCLUSIONS
The production of dry mixture of 
ethanol + gasoline seems to be 
technically and economically 
viable
